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The U .  S .  Air Force Human Systems Division. 
Operational Analysis Systems Division ( H S D / Y A O )  a n d  
i t s  con t r ac to r .  BDM I n t e r n a t i o n a l ,  Inc . .  a r e  
developing a ser ies  of  computer simulation models t o  
estimate wartime personnel a t t r i t i o n  on a i  rbases. 
Casualty estimation i n  s t ructures  subjected t o  the 
e f f ec t s  o f  conventional munitions i s  a key par t  of 
t h i s  e f f o r t .  This paper presents the methodology 
developed t o  estimate such casual t i e s ,  a n d  compares 
model r e su l t s  t o  h i s to r i ca l  a n d  recent G u l f  War 
events. While primarily focused on the e f fec ts  o f  
munitions aga ins t  personnel i n  f a c i l i t i e s ,  the  
underlying approach i s  f e l t  applicable t o  a wide 
var ie ty  of problems i n  which a n  estimation o f  the 
effects  of  explosives against personnel i s  required. 

A .  INTRODUCTION 
Casualty a t t r i t i o n  ra tes  are used by numerous Air S t a f f  o f f ices  t o  

s a t i s f y  a var ie ty  o f  p l a n n i n g  a n d  programming requirements, including 
identifying medical manpower a n d  material needs, p l a n n i n g  for  f a c i l i t i e s  and  
equipment , and  identifying wartime personnel rep1 acement needs. Because 
casualty estimates are essential t o  such wartime p l a n n i n g  ac t iv i t i e s ,  the Air 
Force Human Systems Division ( H S D / Y A O )  has undertaken a program t o  develop a 
cons is ten t ,  auditable.  a n d  enduring modeling system t o  perform casualty 
estimation analysis. Acting as the HSD's prime contractor, BDM International 
i s  developing the THREAT (Threat Related At t r i t ion)  modeling system. The 
THREAT system i s  designed t o  respond t o  evolving worldwide t h r e a t s ,  
improvements i n  airbase f a c i l i t i e s  a n d  protection systems, and  developments i n  
enemy weapon systems, t o  provide relevant a n d  up-to-date a t t r i t i o n  r a t e  
estimates. 

The THREAT system i s  comprised of a number o f  integrated computer 
simulation models. A t  the most fundamental level are the f a c i 7 i t y  models, 
which predict  casual t ies  result ing from specif ic  weapons delivered against 
i n d i v i d u a l  s t ruc tures .  Results from t h e  f a c i l i t y  models are then used by 
higher level models t o  predict casualties for i n d i v i d u a l  airbases and  military 
theaters o f  operation. 

Because the f a c i l i t y  models represent the f o u n d a t i o n  of  the THREAT 
system, t h e i r  a b i l i t y  t o  accurately predict  the numbers a n d  types o f  
casualt ies i s  key t o  the overall success of  the system. This paper summarizes 
the methodology developed t o  accompl i sh faci  1 i t y  model i n g  for  the THREAT 
system a n d  provides comparisons o f  model estimates t o  his tor ical  a n d  recent 
G u l f  War events. 
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B .  BACKGROUND 
Airbase casua l t ies  are generally expemed t o  be the r e su l t  of  a i r -  

delivered munitions against personnel i n  s t ructures .  I n  the past (Ref. 1). 
analysis of airbase a t t r i t i o n  rel ied heavily on the application of casualty 
trends observed i n  the ba t t le f ie ld .  Review o f  the l i t e r a tu re  shows t h a t  the 
nature and extent of  casual t ies  i n  s t ructures  i s  very much d i f fe ren t  t h a n  
those which occur on the ba t t le f ie ld .  I n  general, ba t t le f ie ld  casualt ies are 
caused primarily by d i r e c t  weapons e f f e c t s  such as overpressure a n d  
fragmentation. On the other h a n d ,  casualt ies i n  structures are due largely t o  
secondary weapon e f f ec t s ,  such as f l y i n g  and f a l l i n g  debris. a n d  s t ructural  
collapse.  The r a t io  of f a t a l  t o  n o n f a t a l  casual t ies  i n  s t ructures  i s  also 
different  from t h a t  on the ba t t le f ie ld .  The THREAT f a c i l i t y  models attempt t o  
account for  these differences by pursuing a detailed examination o f  the forces 
acting on a s t ructure ,  the response of the structure t o  the forces. assessment 
of in te r ior  hazards, a n d  determination of  casualties based on the severity of 
these hazards. 

Weapon effects  models developed i n  the past t y p i  cal l y  have n o t  combined 
a l l  o f  these factors .  Methods, procedures. and  d a t a  have been assembled t o  
assess damage t o  buildings from conventional munitions (Ref. 2-51 ,  however. 
these often lack the c r i t i c a l  l inks between weapon e f f ec t s  and  personnel 
surv ivabi l i ty .  A primary objective of t h i s  e f f o r t  was t o  in tegra te  the 
information necessary t o  estimate casual t i e s  i n  s t ructures  i n t o  a s ingle  
computer simulation model. 

I n i t i a l  development of the f a c i l i t y  models focused on p r o v i d i n g  a 
capabi l i ty  t o  examine the e f f e c t s  of  spec i f i c  bombs versus pa r t i cu la r  
s t ructure  types. The f i r s t  s t ructure  types examined include unprotected and 
s e l ec t  protected f a c i l i t i e s .  M u n i t i o n  types include conventional general 
purpose bombs of  varying s izes .  Development o f  these models provide a proof- 
of-concept for  the modeling system as a whole a n d  serve as a baseline for  
f u t u r e  system upgrades. 

C .  MODEL DESCRIPTION 
The f a c i l i t y  models are designed t o  provide detailed assessments of  the 

e f f e c t s  of  general purpose bombs delivered against  a i rbase f a c i l i t i e s .  
Currently modeled s t ructural  classes include unprotected, NATO semi hardened 
(above ground a n d  buried).  and  survivable co l lec t ive  protection she l t e r s  
( S C P S ) .  The response o f  each s t ruc ture  i s  very much dependent on  i t s  
construction. For t h i s  reason, each class o f  structure i s  modeled separately. 
A complete treatment of each class i s  beyond the scope of t h i s  paper. To 
i 11  ustrate  the methodology i n  general, the unprotected faci 1 i t y  model w i  11 be 
discussed. 

Each model has f ive  principal components. including f a c i l i t y  a n d  weapon 
event description. weapon ef fec ts .  structural  response, in te r ior  environment 
assessment, a n d  casualty estimation. A summarized description of each segment 
i s  provided below. 

1. Facil i ty and  Weapon Event Description 
To a l l o w  assessment o f  a variety o f  unprotected s t ructures .  s t ructure  

d a t a  f i l e s  were developed t o  represent t y p i c a l  unprotected f a c i l i t i e s  on a n  
a i rbase.  These included unreinforced masonry. reinforced concrete frame, 
s tee l  frame, and  wood frame. The s t ructure  d a t a  f i l e s  contain a simplified 
representation o f  each s t ruc ture .  Information stored i n  the d a t a  f i l e s  
includes the s ize  of the b u i l d i n g ;  the number Qf s tor ies ;  the number o f  rooms 
per story: the number and  types of walls, f loors .  cei l ings.  columns, beams, 
and  w l  ndows : a n d  the 1 ocati o n ,  or ientat ion and  interdependencies o f  the 
components. For unprotected structures,  the d a t a  f i l e s  also contain rules to  
predict  progressive s t ructural  collapse f o l l o w i n g  assessment o f  the primary 
weapon effects .  
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The model user i n i t i a t e s  execution o f  the program by se lec t ing  the 
f a c i l i t y  type t o  be analyzed. The user then specifies the weapon, detonation 
location, a n d  soil  type. Weapon choices include l o o - .  250-.  500-.  1000- .  a n d  
2000-pound general purpose bombs. S o i l  types include dry loose sand, wet 
loose sand, dry dense sand, wet dense sand, moist clayey sand, wet s i l t  clay,  
wet sandy clay,  and  saturated sandy clay. Direct h i t s  may be analyzed by 
specifying weapon detonation locations w i t h i n  the s t ructure .  The model does 
n o t  specif ical ly  address weapon f u z i n g ,  penetration, ricochet, or t ra jectory 
( i t  i s  l e f t  t o  the analyst t o  specify r e a l i s t i c  weapon detonation locat ions) .  
I n i t i a l  populations of  each room are also specified by the user. 

2 .  Weapons Effects 
The detonation of  a weapon, such as a general purpose bomb, produces 

several e f f ec t s  t h a t  may pose a hazard t o  s t ruc tures  and/or personnel. 
General purpose bombs are comprised o f  essentially three components: a n  outer 
s teel  casing, a n  inner h i g h  explosive charge (such as TNT). a n d  a fuze. Fuzes 
may be se t  t o  t r igger  e i ther  above ground, on contact, or a t  some prescribed 
time a f t e r  contact. I n  general, contact fuzed weapons are used for  attacking 
s o f t ,  above-ground ta rge ts ,  a n d  delay fuzed weapons are used for  attacking 
buried or hardened targets .  

A contact fuzed weapon detonating on the ground surface w i l l  generate 
shock waves i n  the a i r .  This i s  termed a i rb las t  a n d  i s  considered the primary 
threa t  t o  above-ground structures1. Airblast pressures i n  the f r ee f i e ld  are 
termed incident pressures a n d  are typif ied by a n  instantaneous r i s e  i n  
pressure followed by a n  exponential decay. Integration of the area under the 
pressure-time history i s  referred t o  as the blast  impulse. Peak incident 
pressure and  impulse are a function of the weapon charge weight and  range from 
the explosion, and  are defined i n  the l i t e r a tu re  (Ref. 3 ) .  The pressure-time 
history i s  commonly simplified as a tr iangular pulse h a v i n g  a n  instantaneous 
r i s e  a n d  l inear  decay. This approximation i s  represented i n  the  model as 
follows: 

t - t o  
P i ( t )  = Po( to ) for t 5 t o  

= O  for t > to 
(1) 

where: 
P i ( t )  = positive incident pressure as a function of time 
t = reference time 
PO = peak positive incident pressure (ps i )  
t o  = positive phase duration (msec) = 2is/Po 
i s  = positive phase impulse (psi-msec) 

As the shock wave s t r ikes  a n  object,  the interface pressure acting on 
the object in tens i f ies  based on the angle of  incidence between the object and  
the pressure wave, and  the magnitude of  the pressure wave. A re f lec t ion  
fac tor  Cra i s  found  from empirically derived relationships available i n  the 
l i t e r a t u r e  (Ref. 3 ) .  To calculate reflected pressure a n d  impulse. the model 
determines the distance and reflection angle between the weapon and  structural  
components h a v i n g  l ine-of -s ight  t o  the detonation. The magnitude of  the 
reflected pressure and  impulse acting on these components i s  stored and  used 
l a t e r  for structural  response calculations. 

1 While fragment l o a d i n g  i s  a l s o  a concern, airblast i s  d o m i n a n t  and i t s  e f f ec t s  
a re  assumed t o  be the primary indicator of damage. Assumpt ion  cons is ten t  w i t h  
the  l i t e ra ture  (Ref. 2 ) .  
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Delay fuzed weapons detonating below the ground surface w i l l  generate 
cratering a n d  groundshock. B o t h  these phenomena are strongly dependent on the 
soil  type i n  which the event takes place. Crater dimensions are Calculated i n  
the model based on standard relationships found i n  the l i t e r a tu re  (Ref. 3 ) .  
Groundshock. while a s ign i f i can t  t h rea t  t o  buried s t ruc tu res ,  i s  n o t  
calculated as a threat  t o  above-ground, unprotected structures2. 

Weapons which penetrate and detonate inside a hardened s t ruc tu re  
generate extreme levels o f  a i rb l a s t  overpressure due  t o  confinement o f  the  
blast  by the structure i t s e l f .  Such confined Overpressures are n o t  calculated 
for  detonations inside unprotected structures. The relatively l i g h t  walls of  
unprotected s t ruc tures  are assumed n o t  t o  provide the b las t  containment 
necessary t o  develop such pressures. While i t  may be t rue t h a t  unprotected 
structures confine the blast  t o  some degree, analysis of t h i s  p o i n t  was beyond 
the smpe of the model a t  t h i s  time. 

3 .  Structural Response 
In  general, the response of a s t ructure  t o  a i rb l a s t  forces w i l l  be a 

function of  e i t h e r  the pressure,  impulse. or a combination of  b o t h .  
Ident i f icat ion of  the d o m i n a n t  response mode can be made by examining the 
duratfan of the blast  l o a d  T a n d  the natural period of the structure Tn (Ref. 
2) :  

- s 0 . 3 .  Tn 

0 . 3  < - < 50. 
Tn 

T 

2 50, I - 
Tn 

The re1 a t i  vely short  duration 
included i n  t h i s  study Droduce 

response impulse dependent o n l y  ( 2 )  

response pressure a n d  impulse dependent ( 3 )  

response pressure dependent o n l y  ( 4 )  

loads from general DurDose bombs o f  the s i ze  
duration-to-natural period rat ios  of less  t h a n  

0 . 3  for  most struct;ral components (Ref. 21. Exceptions include b r i t t l e  
components such as windows. 

The response of the structure as a whole i s  calculated by assessing the 
response of i n d i v i d u a l  components. The capacity of components t o  withstand 
impulse forces was obtained from the l i t e ra ture  (Ref. 2) .  D a t a  are stored on 
the reflected impulse required t o  cause s'light, moderate. a n d  t o t a l  damage for 
each component. Component types currently a v a i  1 able i n  the model include 
unreinforced masonry walls ( 4  t o  12 inches); reinforced masonry walls (6 t o  12  
inches]; reinforced concrete walls ( 4  t o  1 2  inches); l i g h t  stud/rnetal walls: 
l i g h t  metal. wood, a n d  concrete f loor/roof  elements; a n d  heavy timber, 
concrete, a n d  s teel  beams and columns. Windows are pressure sensit ive a n d  the 
reflected pressure required t o  cause breakage i s  stored. 

The model i n i t i a t e s  assessment o f  the f a c i l i t y  by f i r s t  determining 
those components h a v i n g  l ine-of-s ight  t o  the weapon. The reflected impulse 
and  pressure are calculated as described above. Based on the i m p i n g i n g  
r e f l e e e d  impulse, components are classified as h a v i n g  e i ther  t o t a l ,  moderate, 
s l i gh t ,  or no damage. Shou ld  a w a l l .  f loor ,  or ceil ing element suffer  t o t a l  
damage. the model "opens" the a d j o i n i n g  room t o  subsequent blast  e f fec ts .  In 
t h i s  way the blast  i s  tracked as i t  propagates through the f a c i l i t y .  

Blast can  be attenuated t o  a significant degree as i t  propagates through 
a s t ruc ture .  Review of the l i t e r a t u r e  (Ref. 6 )  on the e f fec ts  o f  250 kg 
general purpose bombs against unreinforced masonry dwell ings indicates the 

I + _E 
-I 

-~ 

Assumption consistent w i t h  t h e  literature (Ref. 2 )  
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average radius of f u l l  demolition for  near-miss events was s igni f icant ly  
greater t h a n  t h a t  for direct  h i t s .  The reason i s  t h a t  for  direct  h i t s ,  b last  
must propagate through more obstructions (walls. ceil ings,  e t c . )  t h a n  fo r  near 
misses (where blast  may propagate unobstructed over large dis tances) .  This 
attenuation of b las t  by b u i l d i n g  components i s  represented i n  the f a c i l i t y  
models . 

For buried detonations, damage t o  unprotected structures i s  based on the 
dimensions of the crater  w i t h  respect t o  the f ac i l i t y .  Firs t  f loor components 
w i t h i n  the c ra te r  i t s e l f  are assumed t o  be t o t a l l y  destroyed. Component 
damage then decreases w i t h  increasing dis tance.  For shallow buried 
detonations which generate b o t h  a i rb las t  a n d  cratering, the e f fec ts  o f  each 
are assessed. Damage i s  determined as the greater of the two effects .  

Fol lowing  assessment of t h e  primary weapon ef fec ts ,  the model assesses 
progressive structural  collapse. As stated ea r l i e r .  collapse rules are stored 
i n  the structure d a t a  f i l e .  The rules define loadbearing dependencies between 
components. S h o u l d  a loadbearing w a l l  on the second story have the f i r s t  
story w a l l  below i t  destroyed by b las t ,  the second story w a l l  would be noted 
as unstable, and  would be assessed t o  be collapsed. Currently, the model does 
n o t  assess collapse from the dynamic l o a d i n g  o f  upper-level debris f a l l i n g  on 
1 ower 1 eve1 s . 
4. Inter ior  E n v i  ronment 

After analyzing the s t ructure 's  response t o  the weapon, the model assess 
the r e l a t i v e  sever i ty  o f  hazards t o  personnel i n  each room. Hazard 
envi ronments assessed i ncl ude overpressure, vel oci t y  ( f  1 oor motion 1 primary 
fragments (bomb sp l in te rs ) ,  secondary projecti les ( f l y i n g  debris) a n d  collapse 
( f a l l i n g  deb r i s ) .  Hazards are rated from each cause as e i the r  severe,  
moderate, l i g h t ,  or none. Each cause i s  described below. 

Fast r i s ing  overpressure can in jure  personnel as the overpressure 
compression wave propagates through the body a n d  re f lec ts  a t  internal a i r -  
t i s s u e  in te r faces .  such as the ears a n d  lungs. Common i n ju r i e s  include 
ruptured ear drums and  l u n g  lesions.  The model records the peak incident 
pressure a n d  duration i n  each room as the b las t  propagates through the 
f a c i l i t y .  These values are then compared t o  overpressure injury relationships 
described i n  the  next section which r e l a t e  a person's probabi l i ty  of  
sustaining a f a t a l ,  serious, or s l ight  injury t o  the magnitude and duration of  
the overpressure. Based on t h i s  assessment, overpressure hazard i s  rated. 

Personnel may be injured from being knocked o f f  t h e i r  f e e t  and/or 
otherwise displaced as the f loor  heaves i n  response t o  the b l a s t .  This 
phenomena was designated velocity hazard. Velocity hazard i s assessed by 
n o t i n g  the s t a t e  of  a room's floor damage. I t  was assumed t h a t  increasing 
f loor  damage corresponded t o  increasing velocity hazard. Based on the f i n a l  
f loor  damage s t a t e ,  velocity hazard i s  rated. 

Primary fragments are pieces of the weapon casing f l y i n g  away from the 
detonation a t  extremely h i g h  velocit ies (5000 t o  7000 f p s ) .  Primary fragments 
are  the most s ignif icant  injury mechanism for weapons detonating i n  the open 
against  unprotected personnel. However, i n  s t ruc tu res ,  the l i t e r a t u r e  
indicates  t h a t  even l i g h t  par t i t ion  walls provide surpr is ingly e f fec t ive  
protection (Ref. 9). The severity of the primary fragment hazard i s  rated i n  
the model based on the distance a n d  number of  intervening walls between the 
weapon a n d  personnel a t  r isk.  

Secondary project i les  are created when a w a l l  i s  breached or spalled by 
b l a s t ,  causing numerous pieces of concrete, masonry, a n d  other b u i l d i n g  
materials t o  f l y  through the a i r .  The severity of the secondary pro jec t i le  
hazard was rated based on the damage sustained by the walls o f  a room. I t  was 
assumed t h a t  increasing w a l l  damage corresponded t o  increasing secondary 
pro jec t i le  hazard. Based on the f i n a l  damage s t a t e  o f  a l l  walls associated 
w i t h  a room, the secondary project i le  hazard i s  rated. 
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Personnel may also be injured from f a l l i n g  pieces o f  debris.  This 
phenomena was designated collapse hazard. Collapse hazard i s  assessed by 
n o t i n g  the s t a t e  of a room’s ceil ing damage. _ I t  was assumed t h a t  increasing 
ceil ing damage corresponded t o  increasing collapse hazard. Based on the f i n a l  
ceil ing damage s t a t e ,  collapse hazard i s  rated. 

5 .  Casualty Estimation 
Fol lowing assessment of the inter ior  harards described above, the model 

estimates the resul tant  casual t i e s  i n  the s t ructure .  To accomplish t h i s .  
l inks h a d  t o  be established between the hazards a n d  the probabi l i t i es  of 
personnel sustaining f a t a l ,  serious, a n d  s l igh t  injur ies .  Establishing these 
l inks was perhaps the most d i f f i c u l t  aspect sf the study, given the natural 
var iab i l i ty  i n  expected personnel location and posture, the complexities of  
estimating human response t o  trauma. a n d  the i n a b i l i t y  t o  precisely define the 
envi ronment t o  which personnel would be subjected. However, the 1 i t e ra ture  
does provide information from laboratory s tudies  and  h i s tor ica l  events.  
C o m b i n i n g  these sources a l lowed provislonal relationships t o  be defined. 
Research i s  ongoing t o  better define these relationships. 

Overpressure casua l t ies  are estimated based on the magnitude a n d  
duration o f  the incident pressure i n  a room. The l i t e r a t u r e  (Ref. 10-12)  
provides i n f o r m a t i o n  from a n i m a l  s tudies extrapolated t o  estimate h u m a n  
response. The casualty relationships derived from t h i s  information was 
implemented i n t o  the models. 

Casualties from velocity. primary fragmmts. secondary pro jec t i les ,  and  
collapse were developed from his tor ical  events. The l i t e r a t u r e  provlded 
information from the London Blitz which identified actual numbers a n d  causes 
of casual t ies  a t  various ranges a n d  levels o f  s t ructural  damage from the 
l i s t e d  hazards. This information was used along w i t h  engineering judgment t o  
es tab l i sh  the casualty frequencies for  the above causes based on t h e i r  
severfty . 

The method for  determining casualt ies in a room i s  as follows. Given 
t h a t  the mode? has determined the probability of  personnel incurring a f a t a l  
injury from hazard i (denoted p k (  j ) ) ,  a f a t a l  or serious injury from hazard i 
(denoted (pk+s( i ) ) .  a n d  f a t a l  or serious or s l i g h t  injury from hazard i 
(denoted (Pk+s+sl ( i ) ) ,  a n d  a l l  n hazards have been assessed, the overall 
probability of incurring a f a t a l  injury P k  i n  a room i s  calculated a s :  

the overall Probability o f  incurrlng a f a t a l  or serious injury Pk+s i n  a room 
i s :  

a n d  the overall probability of incurring a f a t a l  o r  serious o r  s l i gh t  injury 
Pk+s+sl i n  a room i s :  

n 
pk+s+sl 1 - [1-Pk+s+sl(j)l 

i-1 
(7) 

The numbers of f a t a l  N f ,  serious N s .  and s l igh t  Nsl i n  a room i s  then found 
based on the above probabili t ies and the i n i t i a l  p o p u l a t i o n  of  the room N j n j t  
as : 
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F a t a l ,  serious, a n d  s l igh t  casualties are then summed over a l l  rooms t o  o b t a i n  
t o t a l  estimated casualt ies i n  the f a c i l i t y .  

D .  MODEL VALIDATION 
To validate the performance o f  the model, comparisons were made between 

model resul ts  and  historical  d a t a .  To accomplish t h i s ,  a typical block of row 
houses o f  the sine and construction type prevalent i n  London during World War 
I1  was simulated. Two points o f  comparison were pursued: (1) comparison o f  
modeled t o  his tor ical  resul ts  o f  the degree o f  s t ructural  damage caused by 
general purpose bombs, a n d  ( 2 )  comparison of  modeled t o  historical  resu l t s  o f  
the frequency of f a t a l ,  serious, a n d  s l igh t  casualties as a function o f  range 
from the weapon. 

To compare the damage caused by general purpose bombs, information was 
available i n  the l i t e r a tu re  describing the damage suffered by London rowhouses 
due t o  German bombs. Using the simulated b l o c k  of rowhouses. bombs were 
modeled a t  over 500 locations i n  a n d  around the houses. Depth-of-burst 
estimates were made based on reported crater  dimensions from the his tor ical  
d a t a .  Results from a1 1 modeled events were t a b u 1  ated. Comparisons between 
modeled a n d  h i s to r i ca l  damage a n d  casua l t ies  were favorable ,  a n d  thus 
supported use o f  the models t o  represent weapons and f a c i l i t y  types for  which 
his tor ical  d a t a  i s  n o t  available. 

Comparisons are now being pursued between modeled and actual causes of 
casualt ies a t  various ranges. Calibration o f  the models using such historical  
d a t a  provides the best and  most r ea l i s t i c  estimate o f  casualt ies expected from 
conventional munitions delivered against personnel i n  unprotected structures.  

E .  G U L F  WAR EVENT COMPARISON 
The reason for  developing the model described above i s  t o  provide 

mili tary planners the capability of estimating casualties i n  modern structures 
subjected t o  modern weapons. The THREAT models were used i n  a program 
i n i t i a t e d  before the G u l f  War t o  estimate expected numbers of noncombatant 
casualt ies i n  Baghdad,  Iraq. Post war surveys have indicated t h a t  the THREAT 
System estimates were quite accurate. A d d i t i o n a l l y ,  a n  event occurred during 
the war fo r  which the accuracy o f  the f a c i l i t y  model could be checked 
d i r ec t ly .  On February 25. 1991, a n  Iraqi Scud missile struck a n  a i r c r a f t  
hangar being used t o  house U .  S .  personnel supporting Desert Storm operations. 
O f  the roughly 150 troops i n  the hangar, 28 were kil led a n d  100 injured3. I n  
the aftermath o f  t h i s  event, the f a c i l i t y  model described above was exercised 
t o  inves t iga te  the correlat ion between the model a n d  the actual event. 
Because o f  limited information regarding the exact weapon type, detonation 
locat ion,  s t ruc ture  type, a n d  d i s t r ibu t ion  o f  personnel i n  the f a c i l i t y ,  
certain assumptions were made. These assumptions were as follows: 

O f  the Scud missiles i n  the Iraqi inventory, the most probable 
one used against the U .  S .  troops was the A7 Hussein.  The A 1  Hussein4 i s  a 
derivative of the Soviet Scud-B missile,  modified t o  achieve greater range 
through a d d i t i o n a l  solid propellant a n d  reduced warhead weight. The warhead 
i s  a conventional h i g h  explosive blast/fragment type w i t h  a t o t a l  weight of  

Figures reported by Cab le  News Network ( C N N ) ,  February 26 ,  1991. 
Source: Janes S t r a t e g i c  Weapons Systems, 1989. 
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a b o u t  1100 lbs .  estimated charge weight of 550 lbs .  Characterist ics o f  the 
warhead were deemed similar t o  a general purpose bomb of similar weight. 

The s t ructure  used t o  house the troops was a s tee l  framed, 
metal sided a i r c ra f t  hangar. The hangar structure currently available i n  the 
f a c i l i t y  model was used t o  represent t h i s  structure.  The modeled hangar has 
dimensions o f  200 by 150 by 30 fee t .  The shelter i s  open inside a n d  offers n o  
protection from inter ior  walls. 

Troops were evenly d is t r ibu ted  throughout the f a c i l i t y .  
Protective gear was n o t  i n  use, and the vulnerability o f  personnel t o  weapon 
ef fec ts  was essentially similar t o  the civi l ian p o p u l a t i o n  studied above. 

The Scud missile struck roughly i n  the center on the hangar a n d  
detonated on contact w i t h  the ground. 

Based on these assumptions, the modeled results were as follows (modeled 
serious and  s l igh t  injur ies  were summed t o  o b t a i n  t o t a l  in jur ies ) :  

EVENT KILLED INJURED 
Actual 28 100 
Modeled 20 79 

I t  should be noted t h a t  the THREAT models account for  casua l t ies  
r e s u l t i n g  from d i r e c t  a n d  secondary wezpons e f f e c t s  (overpressure .  
fragmentation, f a l l i n g  debris ,  e t c . )  b u t  do n o t  account fo r  subsequent 
casual t ies  due t o  f i r e .  This may account for  the model's underprediction. 
However. given the inherent uncertainties i n  any  such analysis.  the resul ts  
were viewed as excellent. 

F. CONCLUSIONS 
The existing fac i l i ty - leve l  models provfde a useful too l  for estimating 

personnel casualt ies i n  structures.  New weapon a n d  f a c i l i t y  types are being 
added-to increase the scope of the models' analysis capabi l i t i es .  A great 
deal OT work s t i l l  needs t o  be completed t o  f ine tune the models, especially 
i n  the area of  h u m a n  vulnerabili ty.  This i s  an ongo ing  research e f fo r t .  a n d  
upgrades t o  the models are expected t o  be evolutionary i n  nature. Continued 
model development should o f f e r  s ign i f icant  opportunities t o  assess the 
effect3veness of evolving weapon a n d  protextion systems, a n d  a l l o w  for  
effectfve post attack recovery operation p l a n n i n g .  The underlying approach, 
which r e l i e s  on a fundamental assessment of weapon e f f e c t s ,  s t ruc tu ra l  
response. and  human vulnerabi l i ty ,  i s  f e l t  applicable t o  a wide variety o f  
problems i n  which a n  estimation of the effects  of explosives against personnel 
i s  required. 
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